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IRXQGWKDWWKHUXEEHUW\UHGPRGHVKDGSRVLWLRQHGWKHPVHOYHVEHWZHHQ+HDY\0HWURDQG/LJKW0HWURSOXV/LJKW5DLO
DQGWKDWHFRORJLFDODGDSWDWLRQZDVWDNLQJSODFHLQWKHORZD[OHORDGORZVSHHGXUEDQWUDQVLWPDUNHWVSDFH

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI75$

.H\ZRUGV$XWRPDWHGEXVILWJHQHWLFJUHHQJXLGHGKHDY\OLJKWPHWURPRQRUDLOUDLOUDSLGWHFKQRORJ\WUDQVLW
,QWURGXFWLRQ
7KHUHVHDUFKFRQWH[W
3XEOLF XUEDQ PRELOLW\ VHUYHV PDQ\ QHHGV IURP EDVLF DFFHVV WR MRE RSSRUWXQLWLHV LQ GHYHORSLQJ
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7KXV IDU PRGDO SRVLWLRQLQJ UHVHDUFK KDV WHQGHG WR DGRSW D VHWWLQJVSHFLILF RU ERWWRP XS DSSURDFK
FRPSDULQJ WZRRU WKUHHPRGHV LQSDUWLFXODUFLWLHVRU FRXQWULHV([DPSOHVDUH7LUDFKLQL+HQVKHUHWDO
DQG+HQU\	/LWPDQ:KLOHVXFKUHVHDUFKFRQWULEXWHVXQGHUVWDQGLQJLQLWVGHILQHGVHWWLQJ
PDQ\SHUWLQHQWFRQVLGHUDWLRQVVXFKDVFLW\GLPHQVLRQVDQGVWDWXUHWKHUHODWLYHPHULWVRIYDULRXVWUDQVLW
PRGHVWKHLUSUHVWLJHDQGFRQWULEXWLRQVXVHUV¶LQFRPHDQGSUHVHQFHRIDOWHUQDWLYHVV\VWHPGLYHUVLW\DQG
FDUERQ IRRWSULQW DUHDOVRSUHVHQW LQJOREDO WUDQVLW VHWWLQJV7KH ODWWHU ULFKDUUD\RIFRXQWULHVDQGFLWLHV
HDFKZLWKRQHRUPRUHWUDQVLWPRGHVLQYLWHVJOREDOUHVHDUFKDVDQH[WHQVLRQRIVHWWLQJVSHFLILFUHVHDUFK
:KDWIROORZVLVWKXVDQHPSLULFDOVWXG\RIJOREDOFLW\DQGFRXQWU\EHKDYLRXUUHJDUGLQJDVSHFWVRIJXLGHG
XUEDQWUDQVLWUDWKHUWKDQDVWXG\LQDGHILQHGVHWWLQJWRFRPSDUHPRGHVIRUDVSHFLILFPRELOLW\WDVN
*XLGHGWUDQVSRUWJHQHWLFWHFKQRORJLHV
,WLVKHOSIXOWRH[DPLQHFRPSHWLWLYHQHVVRIJXLGHGWUDQVSRUWRIZKLFKJXLGHGWUDQVLWLVDVXEVHWYLVj
YLV RWKHU WUDQVSRUW PRGHV E\ FRQVLGHULQJ WKHLU GHJUHHVRIIUHHGRPRIPRYHPHQW 7KUHH GHJUHHV RI
IUHHGRPRIPRYHPHQWHJDHULDODQGVXEPDULQHWUDQVSRUWRIIHUKLJKVSDWLDOPRELOLW\EXWDWUHODWLYHO\
KLJK FRVW 7ZR GHJUHHVRIIUHHGRPRIPRYHPHQW HJ XQJXLGHG VXUIDFH WUDQVSRUW RIIHU ORZHU VXUIDFH
PRELOLW\ DW ORZHU FRVW2QHGHJUHHRIIUHHGRPRIPRYHPHQW HJ JXLGHG VXUIDFH WUDQVSRUWRIIHUV RQO\
OLPLWHGOLQHDUPRELOLW\EDFNDQGIRUWKRQDJXLGHZD\EXWDWUHODWLYHO\ORZFRVWLQKLJKYROXPHFRUULGRUV
/LPLWHGPRELOLW\LPSDLUVWKHFRPSDUDWLYHYDOXHRIWUDQVSRUWVHUYLFHVRJXLGHGWUDQVSRUWPRGHVPXVWRIIHU
FRPSHQVDWLQJDGYDQWDJHVWRFRPSHWHVXFFHVVIXOO\DJDLQVWPRGHVWKDWRIIHUKLJKHUPRELOLW\

$[LRPDWLFDOO\ VXFK FRPSHQVDWLQJ DGYDQWDJHV VKRXOG LQKHUH LQ WKH WHFKQRORJLHV WKDW GLIIHUHQWLDWH
JXLGHG WUDQVSRUW IURP PRGHV ZLWK PRUH GHJUHHVRIIUHHGRPRIPRYHPHQW $ YHKLFOHJXLGHZD\ SDLU
HQVXUHV SUHFLVH ORFDWLRQ RI YHUWLFDO ORDGV DQG VHFXUH DSSOLFDWLRQ RI ODWHUDO ORDGV WHFKQRORJLHV QDPHG
6XSSRUWLQJDQG*XLGLQJE\9XFKLF2QHPD\OHYHUDJH6XSSRUWLQJDQG*XLGLQJE\FRPELQLQJ
WZR RU PDQ\ YHKLFOHV WR VFDOH FDSDFLW\ DV UHTXLUHG D WHFKQRORJ\ WKH DXWKRUV QDPHG &RXSOLQJ
6XSSRUWLQJ*XLGLQJ DQG&RXSOLQJ DUH WKH WKUHHJHQHWLF WHFKQRORJLHV WKDW XQLTXHO\ GLVWLQJXLVK JXLGHG
VXUIDFH WUDQVSRUW IURP DOO RWKHUPRGHV 7KH H[WHQW WR ZKLFK SDUWLFXODU JXLGHG WUDQVSRUWPRGHV H[SORLW
WKHLUWKUHHJHQHWLFWHFKQRORJLHVLVDPHDVXUHRIWKHLULQKHUHQWFRPSHWLWLYHQHVV
$SSOLFDWLRQWRUDLOZD\SRVLWLRQLQJ
*LYHQ WKHQDPHRI WKHDXWKRUV¶EXVLQHVV WKHLU UHVHDUFK LQWHUHVWVDUH UDLOZD\FHQWULF6WHHOZKHHORQ
VWHHOUDLO FRQWDFW PHFKDQLFV GHYHORS YHUWLFDO DQG ODWHUDO IRUFH FRPSRQHQWV FRUUHVSRQGLQJ WR WKH
6XSSRUWLQJ DQG *XLGLQJ JHQHWLF WHFKQRORJLHV 7KH\ HQDEOH UHVSHFWLYHO\ KHDYLHU D[OH ORDG DQG KLJKHU
VSHHG WKDQ RWKHU JXLGHG WUDQVSRUWPRGHV &URVVEUHDNLQJ 6XSSRUWLQJ DQG*XLGLQJ \LHOGV IRXU UDLOZD\
PDUNHW VSDFHV 7KUHH RI WKHP DUH LQKHUHQWO\ FRPSHWLWLYH H[SORLWLQJ WZR RU PRUH RI UDLO¶V JHQHWLF
WHFKQRORJLHV²+HDY\+DXO6XSSRUWLQJDQG&RXSOLQJ+LJKVSHHG,QWHUFLW\*XLGLQJDQG&RXSOLQJDQG
+HDY\ ,QWHUPRGDO 6XSSRUWLQJ *XLGLQJ DQG &RXSOLQJ²WR GHPRQVWUDWH UREXVW VXVWDLQDELOLW\ LQ
FRPSHWLWLRQ ZLWK RWKHU WUDQVSRUW PRGHV LQ WKH JOREDO VHWWLQJ 7KH DXWKRUV KDYH GHYHORSHG JURXQGHG
XQGHUVWDQGLQJRI UDLOZD\SRVLWLRQLQJ LQ WKRVH WKUHHPDUNHW VSDFHV 9DQGHU0HXOHQ	0|OOHUE
7KHQH[WVHFWLRQWKHWRSLFRIWKLVSDSHUDGGUHVVHVWKHIRXUWKPDUNHWVSDFHZKHUHUDLOLVLQKHUHQWO\ZHDN
7KHFKDOOHQJHIRUXUEDQUDLO
+XPDQSDVVHQJHUVGRQRWDFKLHYHKLJKD[OHORDGE\UDLOZD\VWDQGDUGVHYHQLQGRXEOHGHFNYHKLFOHV
)XUWKHUPRUH WKH FRPIRUW FULWHULD DQG SK\VLFDO ODZV WKDW UHODWH DFFHOHUDWLRQ FRDVWLQJ UHWDUGDWLRQ DQG
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VWDWLRQGZHOOWLPHPD[RXWXUEDQWUDQVLWFDSDFLW\DWQRPRUHWKDQNPK7KHUHIRUHXUEDQUDLOFDQQRW
PD[LPDOO\H[SORLWHLWKHUWKH6XSSRUWLQJRUWKH*XLGLQJJHQHWLFWHFKQRORJ\,WLVFRQILQHGWRDSRWHQWLDOO\
ZHDNPDUNHWVSDFH LQZKLFK LWFDQH[SORLWRQO\ WKH&RXSOLQJJHQHWLF WHFKQRORJ\%\ IRUPLQJYHKLFOHV
LQWRWUDLQVLWFDQDFKLHYHVKRUWHUPHDQKHDGZD\VWKDQZRXOGWKHVDPHQXPEHURIDXWRQRPRXVYHKLFOHV
WKHUHE\PD[LPL]LQJSDVVHQJHUFDSDFLW\SHUGLUHFWLRQSHUXQLW WLPH+RZHYHUZKHUHXUEDQUDLOGRHVQRW
H[SORLW WKDW RQH DQG RQO\ JHQHWLF WHFKQRORJ\ WR UHDOL]H LWV FDSDFLW\ SRWHQWLDO LW LV YXOQHUDEOH WR
FRPSHWLWLRQIURPWKHUXEEHUW\UHGPRGHV$XWRPDWHG*XLGHG7UDQVLW%XV5DSLG7UDQVLWDQG0RQRUDLO
7KHODWWHUPRGHVDOVRGRQRWDWWDLQKLJKVSHHGIRUWKHVDPHUHDVRQVDVXUEDQUDLO:KHUHUDLOFDQQRWRU
GRHV QRW H[SORLW LWV 6XSSRUWLQJ JHQHWLF WHFKQRORJ\ WKHLU UHODWLYHO\ OLJKW D[OH ORDG LQFXUV PLQLPDO
FRPSHWLWLYHGLVDGYDQWDJHDQGWKH\DUHWKHUHIRUHDEOHWRHQFURDFKRQUDLO¶VGRPDLQ
&RQWHQGLQJXUEDQJXLGHGWUDQVLWPRGHV
+HDY\DQG OLJKWXUEDQ UDLO DUHZHOO HVWDEOLVKHG+RZHYHU/LJKW0HWUR$XWRPDWHG*XLGHG7UDQVLW
0RQRUDLODQG%XV5DSLG7UDQVLWDUHDVFHQGDQW6XSSOLHUVDQGLPSOHPHQWHUVKDYHSUROLIHUDWHGGXULQJWKH
HFRQRPLFJOREDOL]DWLRQRIWKHODVWWZRGHFDGHVFUHDWLQJPXWXDOO\UHZDUGLQJRSSRUWXQLWLHVWRDFTXLUHDQG
WRH[SRUWWUDQVLWV\VWHPV7KHIROORZLQJVL[FRQWHQGLQJPRGHVZHUHVHOHFWHGIRUWKLVVWXG\
+HDY\0HWURPD[LPDOO\H[SORLWV UDLO¶V JHQHWLF WHFKQRORJLHV LQXUEDQ VHWWLQJV7KHDXWKRUVJURXSHG
ZLWK +HDY\0HWUR WKH UXEEHUW\UHG V\VWHPV IRXQG RQ VRPH 3DULV0pWUR OLQHV DQG VLPLODU V\VWHPV LQ
0RQWUpDO 6DQWLDJR DQG 0H[LFR &LW\ 'HVSLWH UXEEHUW\UHG 6XSSRUWLQJ DQG *XLGLQJ WKHLU JOHDPLQJ
UXQQLQJUDLOVDQGZKHHOIODQJHVLQGLFDWHWKDWWKHVHVWHHOFRPSRQHQWVDUHQRWUHGXQGDQW
/LJKW5DLODQGWUDPVKDYHEHHQPHUJHGLQWKLVVWXG\EHFDXVHQHLWKHUDWWDLQVIXOO\FRQWUROOHGULJKWRI
ZD\ 9XFKLF   %\ GHILQLWLRQ DW  WRQQHVD[OH H[SORLWDWLRQ RI UDLO¶V 6XSSRUWLQJ JHQHWLF
WHFKQRORJ\ LV ZHDN /LNHZLVH WKH EXLOW HQYLURQPHQW FRQVWUDLQV *XLGLQJ DQG W\SLFDOO\ RQO\ D VPDOO
QXPEHURIYHKLFOHVDUHFRXSOHG7HFKQLFDOO\WKHLULQKHUHQWFRPSHWLWLYHQHVVLVPDUJLQDO
/LJKW0HWUR WDNHV /LJKW 5DLO WR WKH QH[W OHYHO ZLWK IXOO\ VHJUHJDWHG ULJKWRIZD\ /LJKW D[OH ORDG
PLQLPL]HVWKHFRVWRIHOHYDWHGVWUXFWXUHVZKLOHW\SLFDOO\VPDOOYHKLFOHSURILOHVPLQLPL]HWKHFRVWRIFLYLO
ZRUNV SDUWLFXODUO\ XQGHUJURXQG 'ULYHUOHVV RSHUDWLRQ RIIHUV FRQVLVWHQW SHUIRUPDQFH DQG RSHUDWLRQDO
IOH[LELOLW\IUHHIURPWKHODERXULVVXHVWKDWGLVWXUEV\VWHPVZLWKKXPDQRSHUDWRUV
1RWXQH[SHFWHGO\SULPHFRPSHWLWLRQLQWKHOLJKWD[OHORDGJXLGHGWUDQVLWGRPDLQFRPHVIURPUXEEHU
W\UHGPRGHV,QDFRQWHVWZKHUHWKHPD[LPXPVSHHGRIDOOPRGHVLVDSSUR[LPDWHO\HTXDOZLQQHUVPXVW
OHYHUDJH KHDGZD\ WR PD[LPL]H FDSDFLW\ +DYLQJ QR SUHWHQFH DW KLJK D[OH ORDG WKH IROORZLQJ PRGHV
H[SORLWWKHFRQVLVWHQWKLJKDGKHVLRQRIUXEEHUW\UHVWRHQFURDFKRQZKDWKDVEHHQUDLO¶VHPLQHQWGRPDLQ
$XWRPDWHG*XLGHG7UDQVLW 9XFKLFSHJ9$/DQGVLPLODUV\VWHPVRIIHUVDVROXWLRQ
IRUFRPSDFWFLWLHV5XEEHUW\UHVFRQVWUDLQD[OHORDGEXWRIIHUFRQVLVWHQWO\KLJKHUDFFHOHUDWLRQDQGKLJKHU
UHWDUGDWLRQ WKDQ VWHHORQVWHHO$V IRU DXWRPDWHG/LJKW0HWUR OLJKW D[OH ORDG DQG VPDOO YHKLFOHSURILOH
PLQLPL]HWKHFRVWRIFLYLOZRUNV$XWRPDWHGRSHUDWLRQRIIHUVFRQVLVWHQWSUHFLVHKLJKSHUIRUPDQFH
0RQRUDLO H[FHOV ZKHUH SUHH[LVWLQJ EXLOW HQYLURQPHQW DGPLWV RQO\ HOHYDWHG VWUXFWXUHVZLWK D VPDOO
SK\VLFDO IRRWSULQW7UDQVLWJUDGHDVGLVWLQFW IURPDPXVHPHQWSDUNPRQRUDLO WHFKQRORJ\KDVFRQYHUJHG
RQ VWUDGGOH V\VWHPV JHQHUDOO\ UXEEHU W\UHG &DSDFLW\ DQG SHUIRUPDQFH LV WKHUHIRUH FRPSDUDEOH WR
$XWRPDWHG*XLGHG7UDQVLW2QFHDJDLQDXWRPDWHGRSHUDWLRQRIIHUVFRQVLVWHQWSUHFLVHKLJKSHUIRUPDQFH
%XV 5DSLG 7UDQVLW UHSXWHGO\ UROOV RXW IDVWHU DW ORZHU FRVW WKDQ FRPSDUDEOH UDLO V\VWHPV )RUPHU
%RJRWiPD\RU (QULTXH 3HxDORVD VHHPV WR KDYH SURVHO\WL]HG VRPH GHYHORSLQJ FRXQWULHV LQ WKLV UHJDUG
%57¶V LQFOXVLRQ LQ JXLGHG WUDQVLW LV MXVWLILHG E\ WKH QDUURZ FRQFUHWH UXQZD\ SURYLGHG WR VXSSRUW LWV
UHODWLYHO\KHDY\WRQQHD[OHORDGSOXVDVSLUDWLRQWRYLUWXDOJXLGDQFHE\ODQHWUDFNLQJV\VWHPVHJ
%LPRGDO7UDQVSRUWDWLRQ%LDUWLFXODWHGEXVHVHYHQHPXODWHUDLO¶V&RXSOLQJJHQHWLFWHFKQRORJ\

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6HWWLQJDVLGH WKHLUDEVHQFHRIJXLGDQFH WRHVWDEOLVK WKH IROORZLQJSRVLWLRQDOOFLWLHV IHDWXUHVWDQGDUG
EXVHVZKLFKFDQQRWWKHUHIRUHFRQWULEXWHXQGHUVWDQGLQJWRDVWXG\RIGLIIHUHQFHVDPRQJPRGHV6WDQGDUG
EXVHVZHUHWKHUHIRUHQRWLQFOXGHGLQWKHDERYHOLVWEXWKDYHQHYHUWKHOHVVEHHQLQFOXGHGLQWKHGDWDEDVHDV
FRXQWU\DJJUHJDWHVWRFRQWUROIRUWKHLULQIOXHQFHRQJXLGHGXUEDQWUDQVLW
7KHK\SRWKHVLVDQGUHVHDUFKTXHVWLRQ
7KHIRUHJRLQJLQWURGXFWLRQVXJJHVWVWKHSRVVLELOLW\RIDJUDGXDOPHWDPRUSKRVLVLQXUEDQJXLGHGWUDQVLW
:KLOH WKH DXWKRUV KDYH DOUHDG\ IRXQG D FRQVWUXFWLYH GLVWLQFWLRQ EHWZHHQ SRVLWLRQLQJ XUEDQ UDLO LQ
GHYHORSHG DQG GHYHORSLQJ FRXQWULHV 9DQ GHU 0HXOHQ 	 0|OOHU D WKH\ KDG QRW LQFOXGHG WKH
DERYHPHQWLRQHG UXEEHUW\UHG FRPSHWLWRUV WR ZKLFK +HDY\ 0HWUR DQG /LJKW 5DLO SURSRVDOV PD\
VXFFXPEDWLQYHVWPHQWGHFLVLRQSRLQWV7KH\WKHUHIRUHEURDGHQHGWKHVFRSHRIWKLVVWXG\WRLQFOXGHUDLO¶V
UXEEHUW\UHG FRPSHWLWRUV DQG K\SRWKHVL]HG WKDW SRVLWLRQLQJ WKH YDULRXV JXLGHG XUEDQ WUDQVLW PRGHV LQ
SDUWLFXODUFLWLHVUHIOHFWVDWWULEXWHVRIWKHLUHYHUFKDQJLQJHFRQRPLFDQGVRFLDOVHWWLQJYLVjYLVDWWULEXWHV
RI WKHYDULRXV WUDQVLWPRGHV7KHLU UHVHDUFKTXHVWLRQZDV WKHUHIRUH:KLFKFRXQWU\DQGFLW\JUHHQDQG
VRFLRHFRQRPLFDWWULEXWHVDQGUHODWLRQVILWJXLGHGWUDQVLWVROXWLRQVWRSDUWLFXODUFLWLHV"
0HWKRGRORJ\
7KHUHVHDUFKGHVLJQ
*OREDOUHVHDUFKUHTXLUHVDKLJKOHYHOWRSGRZQDSSURDFK$GRSWLQJDFRUSRUDWHFLWL]HQVKLSSHUVSHFWLYH
DGPLWWHGGDWD IURP WKHSXEOLFGRPDLQ%RUURZLQJ IURPRUJDQL]DWLRQDOHFRORJ\ LQGLFDWHGD ORQJLWXGLQDO
GHVLJQWRH[DPLQHZKROHLQGXVWU\DGDSWDWLRQRYHUWLPH6FLHQWLILFGHVFULSWLYHUHVHDUFKUHTXLUHVDVHWRI
YDULDEOHV LH WKH FROXPQV DQG D VHW RI FDVHV LH WKH URZV LQ D GDWDEDVH'DWD IRU FRXQWU\ VHWWLQJV LV
FRPPRQWRRWKHUWUDQVLWUHVHDUFKDQGDEXQGDQWO\DYDLODEOH+RZHYHUWKHDXWKRUVIRXQGDVKRUWDJHRIGDWD
IRU FLW\ VHWWLQJV $SSUHFLDWH WKHUHIRUH WKDW WKLV VWXG\ QHFHVVDULO\ WUDGHG RII VRPH RI WKH GHWDLOHG
LQIRUPDWLRQ DYDLODEOH WR FDVH VWXGLHV RU GHILQHGVHWWLQJ VWXGLHV DJDLQVW WKH PRUH OLPLWHG QXPEHU RI
YDULDEOHVIRUZKLFKGDWDZHUHFRQVLVWHQWO\DYDLODEOHDFURVVDOOFLWLHV7KHIROORZLQJVHFWLRQVUHSRUWRQO\
WKH HVVHQFH RI UHVHDUFK WKDW LV WRR YROXPLQRXV WR SXEOLVK LQ D SDSHU 7KH XQGHUO\LQJ PDWHULDO LV
QHYHUWKHOHVVDYDLODEOHRQWKHDXWKRUV¶ZHEVLWHDQGVRUHIHUHQFHGZKHUHDSSURSULDWH
6HOHFWLRQRIYDULDEOHV
7KHUHVHDUFKHUVXVHGWZRFDWHJRULFDOYDULDEOHV&RXQWU\1DPHDQG&LW\1DPHWRGHVFULEHWKHJOREDO
VHWWLQJSOXVVFDODUYDULDEOHVWRGHVFULEHFRXQWULHVFLWLHVDQGWUDQVLWVROXWLRQVDVIROORZV
7KHHVVHQWLDO YDULDEOHV WRGHVFULEHDQGPHDVXUH WKHFRXQWU\ VHWWLQJZHUH VHOHFWHG IURP:RUOG%DQN
'HYHORSPHQW ,QGLFDWRUV 7KHPHV LGHQWLILHG E\ FRQWHQW DQDO\VLV RI 7LPH PDJD]LQH IRU WKH SHULRG -XO\
 WR-XQHVXJJHVWHG WKH LQGLFDWRUVDFWXDOO\XVHGRXWRIDYDLODEOH ,QDGGLWLRQDXWKRUV¶
MXGJPHQWVHOHFWHG,QWHUQDWLRQDO5RDG)HGHUDWLRQURDGQHWZRUNDQGYHKLFOHSRSXODWLRQVWDWLVWLFVDQG)XHO
3ULFH SUR[\ PHDVXUHV IRU WKH DPRXQW RI FRPSHWLWLRQ DQG (FRQRPLF )UHHGRP ,QGH[ DQG ,QFRPH
,QHTXDOLW\WRPHDVXUHJRYHUQDQFHDQGVRFLHWDODWWULEXWHV
7KH HVVHQWLDO YDULDEOHV WR GHVFULEH DQG PHDVXUH WKH FLW\ VHWWLQJ ZHUH 6XUIDFH $UHD0HWURSROLWDQ
3RSXODWLRQ 3RSXODWLRQ *URZWK 5DWH :RUOG &LWLHV 6FRUH *UHHQ &LWLHV 6FRUH DQG 6PDUW &DUG
$SSOLFDWLRQ 7KH YDULDEOHV WKDW GHVFULEH WUDQVLW UHVRXUFHV DQG FRQWULEXWLRQ QDPHO\ ,QDXJXUDO <HDU
1XPEHU RI2SHUDWRUV6WDWXV RI 3URMHFW1HWZRUN &RYHUDJH5ROOLQJ 6WRFN )OHHW3DVVHQJHU -RXUQH\V
1XPEHURI5RXWHV1XPEHURI6WDWLRQVDQG(PSOR\HH&RXQWZHUHPHDVXUHGVHSDUDWHO\IRUHDFKPRGH
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&RPSUHKHQVLYH RSHUDWLRQDO GHILQLWLRQV PHDVXUHPHQW VFDOHV DQG VRXUFH UHIHUHQFHV HLWKHU
GRFXPHQWDU\ RU XQLIRUP UHVRXUFH ORFDWRU IRU HDFK RI WKH DERYHPHQWLRQHG YDULDEOHV DUH DYDLODEOH DW
ZZZUDLOFRUSVWUDWFRP'RZQORDGV6HS75$2SHUDWLRQDO'HILQLWLRQVSGI
6HOHFWLRQRIFDVHV
7KLVVWXG\LQFOXGHGWKHHQWLUHSRSXODWLRQRIFLWLHVIRUZKLFKVXIILFLHQWGDWDFRXOGEHIRXQGWRSRSXODWH
WKHGDWDEDVHLQUHVSHFWRIWKHWUDQVLWPRGHVWKDWVHUYHGWKHP6DPSOHVL]HLVWKHUHIRUHDQRQLVVXH
7KHORQJLWXGLQDOUHVHDUFKGHVLJQFDSWXUHGWKHJURZWKG\QDPLFVRIWKHJOREDOXUEDQWUDQVLWLQGXVWU\IRU
WKH WKUHH FRQVHFXWLYH \HDUV  7R DGG D IRXUWK SURMHFWHG \HDU  VRPH  FRQFXUUHQW
JUHHQILHOGV DQG EURZQILHOGV SURMHFWV LQ YDULRXV VWDJHV RI SURJUHVV ZHUH DOVR LQFOXGHGPHDVXUHG RQ D
ILYHSRLQWVFDOH3URSRVHG)HDVLELOLW\6WXG\,Q'HVLJQ8QGHU&RQVWUXFWLRQDQG2SHUDWLRQDO
7KHODWWHUYDOXHRIFRXUVHDOVRDSSOLHGWRDOOH[LVWLQJV\VWHPVIRUWKH\HDUV
:KHUH QHFHVVDU\ WKH UDZ GDWD IRU DJJORPHUDWLRQV ZLWK PRUH WKDQ RQH JXLGHG WUDQVLW V\VWHP ZHUH
DGMXVWHGWRPDWFKWKHPWRWKHSRSXODWLRQDQGDUHDWKDWWKH\VHUYHG'HWDLOVRIWKHDIIHFWHGDJJORPHUDWLRQV
DFFRPSDQ\WKHDSSOLFDEOHRSHUDWLRQDOGHILQLWLRQV
$GHGLFDWHGXUEDQJXLGHGWUDQVLWGDWDEDVH
7KHDXWKRUVFRQVWUXFWHGDQHZGHGLFDWHGXUEDQJXLGHGWUDQVLWGDWDEDVHXVLQJWKHYDULDEOHVDQGFDVHV
PHQWLRQHG DERYH ,W FRPSULVHV WZR GDWD VXEVHWV QDPHO\ FRXQWULHV DQG FLWLHV DQG LV DYDLODEOH DW
ZZZUDLOFRUSVWUDWFRP'RZQORDGV6HS75$'DWDEDVHDQG)DFWRU/RDGLQJ
0DWULFHV[OV:KHUHQHFHVVDU\ WKHPRVWFUHGLEOHILQGLQJVIURPVHDUFKLQJWKH,QWHUQHWZHUHXVHGWR
ILOOPLVVLQJYDOXHV7KHIRUHJRLQJDSSURDFKJDWKHUHGFLWLHVZLWKJXLGHGWUDQVLWLQFRXQWULHVHDFK
ZLWKIRXU\HDUV¶GDWDIRUWKHSHULRGIRUDWRWDORIFDVHV7KHGDWDEDVHWKXVFRQWDLQV
FDVHV [  YDULDEOHV    REVHUYDWLRQV 7KLV ODUJH QXPEHU RI REVHUYDWLRQV KLJKOLJKWV DQ
HVVHQWLDOGLIIHUHQFHEHWZHHQWKHSUHVHQWWRSGRZQJOREDOVWXG\DQGDGHILQHGVHWWLQJERWWRPXSVWXG\
6WDWLVWLFDODQDO\VLV
,Q SUHYLRXV UHVHDUFK 9DQ GHU 0HXOHQ 	 0|OOHU D WKH DXWKRUV KDG XVHG IDFWRU DQDO\VLV D
PXOWLYDULDWHVWDWLVWLFDOWHFKQLTXHWRDQDO\VHUHODWLRQVDPRQJPDQ\YDULDEOHVDQGWKHQWRH[SODLQWKHPLQ
WHUPVRI D VPDOOHU QXPEHURI ODWHQW YDULDEOHV+RZHYHU WKH\ IRXQG WKDW WKHPDQ\YDULDEOHVQHHGHG WR
GHVFULEH FRXQWU\ VHWWLQJV LQ VXIILFLHQW GHWDLO WHQGHG WR XQGXO\ GRPLQDWH VRPH RI WKH UHVXOWDQW ODWHQW
YDULDEOHV7KH\WKHUHIRUHLQWURGXFHGVWUXFWXUDOHTXDWLRQPRGHOLQJWRVHSDUDWHFRXQWU\VHWWLQJVIURPWKRVH
RIFLWLHVDQGWKHLUJXLGHGWUDQVLWVROXWLRQV
5HIOHFWLQJ WKH UHVHDUFK TXHVWLRQ H[SORUDWRU\ IDFWRU DQDO\VLV ZDV ILUVW XQGHUWDNHQ VHSDUDWHO\ IRU
FRXQWU\ DQG IRU FLW\GHVFULSWLYHYDULDEOHV XVLQJ6WDWJUDSKLFV&HQWXULRQ;9VRIWZDUH)URP WKH LQLWLDO
WKLUW\VL[ FRXQWU\ YDULDEOHV LW IRXQG VHYHQ FRXQWU\UHODWHG ODWHQW YDULDEOHV QDPHO\ &RXQWU\ 6WDWXUH
(FRQRPLF 'HYHORSPHQW /HYHO (QHUJ\ 'HPDQG /HYHO DQG DOWHU HJR $OWHUQDWLYH (QHUJ\ $FFHSWDQFH
6HUYLFHV&RQWULEXWLRQ WR*'37UDGH&RQWULEXWLRQ WR*'3DQG6RFLHWDO'HYHORSPHQW/HYHO)URPWKH
LQLWLDOFLW\YDULDEOHV LWDOVRIRXQGVHYHQFLW\UHODWHG ODWHQWYDULDEOHVQDPHO\+HDY\0HWUR3RVLWLRQ
$XWRPDWHG*XLGHG7UDQVLW3RVLWLRQ0RQRUDLO3RVLWLRQ/LJKW0HWUR3RVLWLRQ/LJKW5DLO3RVLWLRQ DQG
*UHHQ&LW\,PSHGLPHQWV7KHDXWKRUVQDPHGWKHODWHQWYDULDEOHVLQWKHOLJKWRIWKHYDULDEOHVWKDWORDGHG
RQWR WKHP LQIRUPHG E\ WKHLU FRQWH[WXDO DSSUHFLDWLRQ RI WKH XUEDQ UDLO LQGXVWU\ LQ LWV FLW\ DQG FRXQWU\
VHWWLQJV 7KH VHSDUDWH IDFWRU ORDGLQJ PDWULFHV IRU FRXQWULHV DQG FLWLHV DUH DYDLODEOH DW
ZZZUDLOFRUSVWUDWFRP'RZQORDGV6HS75$'DWDEDVHDQG)DFWRU/RDGLQJ
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0DWULFHV[OVZKLOHDGLDJUDPVKRZLQJZKLFKYDULDEOHVORDGHGRQWRHDFKODWHQWYDULDEOHLVDYDLODEOH
DWZZZUDLOFRUSVWUDWFRP'RZQORDGV6HS75$/DWHQW9DULDEOHV'LDJUDPSGI
7KHUHDIWHU VWUXFWXUDO HTXDWLRQPRGHOLQJXVLQJ(46 VRIWZDUH IRXQG UHODWLRQV DPRQJ WKHVH ODWHQW
YDULDEOHV 7KH SDWK GLDJUDP LQ )LJXUH  VKRZV WKH VLJQLILFDQW VWDQGDUGL]HG UHJUHVVLRQ FRHIILFLHQWV DV
DUURZVSRLQWLQJWRWKHGHSHQGHQWODWHQWYDULDEOHVZLWKFRUUHODWLRQVDWWKHOHYHO3RVLWLYHFRUUHODWLRQV
LQGLFDWHVXSSRUWQHJDWLYHFRUUHODWLRQVLQGLFDWHRSSRVLWLRQ1RQVLJQLILFDQWSDWKFRHIILFLHQWVZHUHRPLWWHG
IURP WKHGLDJUDP IRU FODULW\ 7KHSDWKGLDJUDPDOVR VKRZV FRUUHODWLRQV RQ WKH OHIW DQG FRORXUHGJUD\
EHWZHHQ FRXQWU\UHODWHG ODWHQW YDULDEOHV 7KH\ DUH QRW XQH[SHFWHG JLYHQ WKH FRPSOH[LW\ RI FRXQWU\
VHWWLQJV6SDFHOLPLWDWLRQVSUHFOXGHRIIHULQJDQLQWHUSUHWDWLRQKHUH$EVHQFHRIVLPLODUFRUUHODWLRQVDPRQJ
WKHVL[XUEDQWUDQVLWPRGHVFRQILUPVWKDWWKH\DUHLQGHSHQGHQWRIRQHDQRWKHULHSRVLWLRQLQJRIDQ\RQH
WUDQVLW PRGH GRHV QRW LQIOXHQFH WKH SRVLWLRQLQJ RI DQ\ RWKHU DOWKRXJK WKHLU VHUYLFHV PD\ ZHOO EH
LQWHJUDWHG)RUH[DPSOH'XEDL LQ WKH8QLWHG$UDE(PLUDWHV IHDWXUHG WKUHHJXLGHGXUEDQ WUDQVLWPRGHV
/LJKW5DLO+HDY\0HWURDQG0RQRUDLO$GHWDLOHGUHSRUWRQWKHVWUXFWXUDOHTXDWLRQPRGHOLQJLVDYDLODEOH
DWZZZUDLOFRUSVWUDWFRP'RZQORDGV6HS75$6(05HSRUWSGI7KHQH[W VHFWLRQ
LQWHUSUHWVWKHVWDWLVWLFDOILQGLQJVLQXUEDQWUDQVLWODQJXDJH7KHVL[JXLGHGWUDQVLWPRGHVDUHUDQNHGEHORZ
E\ WKH DPRXQW RI YDULDQFH WKDW WKHLU ODWHQW YDULDEOHV H[SODLQHG LQ WKH FLW\ GDWD VXEVHW VKRZQ LQ
SDUHQWKHVHVDVDSHUFHQWDJHLQWKHWLWOHRIHDFKODWHQWYDULDEOH
)LQGLQJV
*UHHQ&LW\,PSHGLPHQWVRIWRWDOYDULDQFH
$OWKRXJKLWH[SODLQHGWKHOHDVWYDULDQFHWKLVODWHQWYDULDEOHPHGLDWHGEHWZHHQWKHFRXQWU\VHWWLQJDQG
XUEDQ UDLO VROXWLRQV LQ SDUWLFXODU FLWLHV1RWLQJ FDUHIXOO\ WKH UHODWLYH GLUHFWLRQV RI WKHLU VLJQV DQG WKDW
GRXEOHQHJDWLYHLVSRVLWLYHWKHODWHQWYDULDEOHV6RFLHWDO'HYHORSPHQW/HYHO$OWHUQDWLYH(QHUJ\
$FFHSWDQFH(FRQRPLF'HYHORSPHQW/HYHODQG6HUYLFHV&RQWULEXWLRQWR*'3
RSSRVHGWKHODWHQWYDULDEOHWKDWWKHDXWKRUVKDYHQDPHG*UHHQ&LW\,PSHGLPHQWVZKLOH&RXQWU\6WDWXUH
VXSSRUWHGLW)URPWKHSHUVSHFWLYHRISRSXORXVODUJHFRXQWULHVWKDWIHDWXUHXUEDQJXLGHGWUDQVLW
ODUJHU LV HYLGHQWO\ QRW JUHHQHU5DWKHU SRVLWLYH VRFLHWDO GHYHORSPHQW DOWHUQDWLYH HQHUJ\ DFFHSWDQFH 
HFRQRPLFGHYHORSPHQWDQGVHUYLFHVFRQWULEXWLRQDVVRFLDWHZLWKJUHHQFLWLHV
+HDY\0HWUR3RVLWLRQRIWRWDOYDULDQFH
*UHHQ&LW\,PSHGLPHQWVVXSSRUWHGWKHODWHQWYDULDEOH+HDY\0HWUR3RVLWLRQ&RXQWU\6WDWXUH
RSSRVHGLW7KHDXWKRUVLQWHUSUHWHGWKHVHUHODWLRQVWRPHDQWKDW WKHYDULDEOHVWKDWLPSHGHJUHHQ
FLWLHVQDPHO\$UHD3RSXODWLRQDQG3RSXODWLRQ*URZWKDOVRGULYHWKH+HDY\0HWURPRGHUDWKHUWKDQ
WKDW+HDY\0HWURLVQRWJUHHQ7KHURDGQHWZRUNDQGYHKLFOHSRSXODWLRQYDULDEOHVORDGHGRQWR&RXQWU\
6WDWXUH,WVQHJDWLYHVLJQWKXVVXJJHVWVWKDWFRXQWULHVWKDWHQMR\DGYDQFHGGHYHORSPHQWPLJKWXOWLPDWHO\
FRPHWRRSSRVH+HDY\0HWUR$OWHUQDWLYHO\RQHFRXOGLQWHUSUHWWKHUHODWLRQWRPHDQWKDWODUJHFLWLHVZLWK
ODUJH SRSXODWLRQV DQG KLJK SRSXODWLRQ JURZWK PLJKW ILQG +HDY\0HWUR RXW RI UHDFK DQG RSW IRU %XV
5DSLG7UDQVLWLQVWHDG7RHPSKDVLVHLWVSUHHPLQHQFHDPRQJRWKHUXUEDQJXLGHGWUDQVLWPRGHVQRWHWKDW
+HDY\0HWUR3RVLWLRQDWWUDFWHGORDGLQJE\WKHYDULDEOHV:RUOG&LWLHV6FRUHDQG6PDUW&DUG$SSOLFDWLRQ
,WDSSHDUVWKDWXQWLOWKHSUHVHQWOHDGLQJFLWLHVFRQVLGHUHG+HDY\0HWURWREHDPXVWKDYHIHDWXUH
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)LJ3DWK'LDJUDPVKRZLQJVWDQGDUGL]HGUHJUHVVLRQFRHIILFLHQWVDVDUURZVSRLQWLQJWRGHSHQGHQWODWHQWYDULDEOHV
$XWRPDWHG*XLGHG7UDQVLW3RVLWLRQRIWRWDOYDULDQFH
(FRQRPLF'HYHORSPHQW/HYHODQG6HUYLFHV&RQWULEXWLRQWR*'3VXSSRUWHGWKHODWHQW
YDULDEOH$XWRPDWHG*XLGHG7UDQVLW3RVLWLRQ7UDGH&RQWULEXWLRQ WR*'3 DQG(QHUJ\'HPDQG
/HYHORSSRVHGLW7KHDXWKRUVLQWHUSUHWHGWKLVWRPHDQWKDW$XWRPDWHG*XLGHG7UDQVLWILWWHGLQWR
GHYHORSHGVHUYLFHHFRQRPLHVWRJHWKHUZLWK0RQRUDLODQG/LJKW0HWUR6HHDOVRDQGIRUIXUWKHU
LQWHUSUHWDWLRQ
0RQRUDLO3RVLWLRQRIWRWDOYDULDQFH
*UHHQ&LW\,PSHGLPHQWV(FRQRPLF'HYHORSPHQW/HYHODQG6HUYLFHV&RQWULEXWLRQWR
*'3 VXSSRUWHG WKH ODWHQWYDULDEOH0RQRUDLO3RVLWLRQ7UDGH&RQWULEXWLRQ WR*'3 DQG
$OWHUQDWLYH (QHUJ\ $FFHSWDQFH  RSSRVHG LW $V IRU WKH +HDY\0HWUR PRGH WKH YDULDEOHV WKDW
LPSHGH JUHHQ FLWLHV DOVR GULYH WKH0RQRUDLO PRGH /LNH $XWRPDWHG *XLGHG 7UDQVLW DQG /LJKW0HWUR
0RQRUDLOILWWHGLQWRGHYHORSHGVHUYLFHHFRQRPLHV6HHDOVRDQGIRUIXUWKHULQWHUSUHWDWLRQ
%XV5DSLG7UDQVLW3RVLWLRQRIWRWDOYDULDQFH
*UHHQ &LW\ ,PSHGLPHQWV &RXQWU\ 6WDWXUH  DQG7UDGH &RQWULEXWLRQ WR*'3 
VXSSRUWHGWKHODWHQWYDULDEOH%XV5DSLG7UDQVLW3RVLWLRQ(QHUJ\'HPDQG/HYHORSSRVHGLW$V
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IRU +HDY\ 0HWUR DQG 0RQRUDLO PRGHV WKH YDULDEOHV WKDW LPSHGH JUHHQ FLWLHV DOVR GULYH %XV 5DSLG
7UDQVLW +RZHYHU QRWLQJ WKDW&RXQWU\ 6WDWXUH VXSSRUWV %57 RQHZRXOG H[SHFW WR ILQG %57 LQ ODUJH
UDSLGO\JURZLQJFLWLHVVXFKDV-LQDQLQ&KLQD6HHDOVRDQGIRUIXUWKHULQWHUSUHWDWLRQ
/LJKW0HWUR3RVLWLRQRIWRWDOYDULDQFH
6HUYLFHV&RQWULEXWLRQWR*'3DQG(FRQRPLF'HYHORSPHQW/HYHOVXSSRUWHGWKHODWHQW
YDULDEOH /LJKW 0HWUR 3RVLWLRQ 7UDGH &RQWULEXWLRQ WR *'3  &RXQWU\ 6WDWXUH  DQG
6RFLHWDO'HYHORSPHQW/HYHORSSRVHGLW/LNH$XWRPDWHG*XLGHG7UDQVLWDQG0RQRUDLOWKH/LJKW
0HWURPRGHILWVLQWRGHYHORSHGVHUYLFHHFRQRPLHVDOWKRXJKQRW\HWDVVHUWLYHO\GXHWRLWVFRPSDUDWLYHO\
UHFHQWHPHUJHQFH2SSRVLWLRQE\&RXQWU\6WDWXUHVXJJHVWHGWKDWLWILWVZHOOLQWRVPDOOLVKPRUHLQWLPDWH
FLWLHV2SSRVLWLRQE\6RFLHWDO'HYHORSPHQWDO/HYHODSSHDUHGFRXQWHULQWXLWLYHEXWLWPLJKWLQGLFDWHWKDW
KLJKFDSDFLW\SXEOLFWUDQVSRUWLVXQZDQWHGLQVXFKFLWLHV6HHDOVRIRUIXUWKHULQWHUSUHWDWLRQ
/LJKW5DLO3RVLWLRQRIWRWDOYDULDQFH
6RFLHWDO 'HYHORSPHQW /HYHO  7UDGH &RQWULEXWLRQ WR *'3  (QHUJ\ 'HPDQG /HYHO
&RXQWU\6WDWXUHDQG$OWHUQDWLYH(QHUJ\$FFHSWDQFHVXSSRUWHGWKHODWHQWYDULDEOH
/LJKW 5DLO 3RVLWLRQ *UHHQ &LW\ ,PSHGLPHQWV  RSSRVHV LW 7KH GRXEOH QHJDWLYH PLQXV
LPSHGLPHQWV LQGLFDWHG WKDW /LJKW 5DLO DFWXDOO\ VXSSRUWHG JUHHQ FLWLHV ,W ZDV WKH RQO\ XUEDQ JXLGHG
WUDQVLWPRGHIRUZKLFKDOOFRUUHODWLRQFRHIILFLHQWVWKDWSRLQWHGWRLWZHUHIRXQGWRPXWXDOO\UHLQIRUFHLWVILW
LQLWVFLW\VHWWLQJ
(QHUJ\DZDUHQHVV
(LWKHU(QHUJ\'HPDQG/HYHORU$OWHUQDWLYH(QHUJ\$FFHSWDQFHRSSRVHGHDFKRIWKHWKUHHUXEEHUW\UHG
PRGHV$XWRPDWHG*XLGHG7UDQVLW0RQRUDLODQG%XV5DSLG7UDQVLW7KH\KDYHKLJKHUUROOLQJUHVLVWDQFH
WKDQ VWHHO W\UHV DQG DOO WKLQJV EHLQJ HTXDO DOVR KLJKHU HQHUJ\ FRQVXPSWLRQ (YLGHQWO\ FRXQWULHV WKDW
DOUHDG\ KDG KLJK HQHUJ\ GHPDQG DQG WKRVH WKDW DFFHSWHG DOWHUQDWLYH HQHUJ\ ZHUH VHQVLWLYH WR XQGXO\
LQFUHDVLQJ WKHLUHQHUJ\GHPDQG%\FRQWUDVW(QHUJ\'HPDQG/HYHODQG$OWHUQDWLYH(QHUJ\$FFHSWDQFH
ERWKVXSSRUWHG/LJKW5DLO,WVJUHHQQHVVWKHUHIRUHRIIVHWVLWVPDUJLQDOLQKHUHQWFRPSHWLWLYHQHVV
7UDGHDZDUHQHVV
7KHODWHQWYDULDEOH7UDGH&RQWULEXWLRQWR*'3RSSRVHGWKHKLJKHUWHFKQRORJ\DXWRPDWHGPRGHVLH
$XWRPDWHG*XLGHG7UDQVLW0RQRUDLODQG/LJKW0HWURZKHUHDV LW VXSSRUWHG WKH ORZHUWHFKQRORJ\%XV
5DSLG7UDQVLWDQG/LJKW5DLO(YLGHQWO\WKHUHZDVDQLQYHUVHUHODWLRQVKLSEHWZHHQWHFKQRORJ\DQGWUDGH
ZKLFK ZRXOG PDQLIHVW LWVHOI DV WKH FRQVHUYDWLYH WDFWLF RI GHSOR\LQJ DGYDQFHG WHFKQRORJ\ FORVH WR LWV
RULJLQRUVXSSRUWEDVH
'LVFXVVLRQ
7KH DERYH UDQNLQJ RI XUEDQ JXLGHG WUDQVLW PRGHV SURYLGHG GHHS LQVLJKW LQWR WKH G\QDPLFV RI WKHLU
DGDSWDWLRQDQGXOWLPDWHILWWRWKHLUVHWWLQJV)LUVWUDQNHG+HDY\0HWUROHGWKHPRELOLW\WDVNLQFLWLHVWKDW
FRXOG PXVWHU WKH VXEVWDQWLDO LQYHVWPHQW UHTXLUHG 2QO\ UDLO FRXOG GHOLYHU WKH KLJK FDSDFLW\ WKH\
GHPDQGHG6L[WKUDQNHG/LJKW5DLOZDVUDLO¶VZHDNHVW LQKHUHQWFRPSHWLWRUEXW LWVJUHHQFUHGHQWLDOVDUH
LPSHFFDEOH)LIWKUDQNHG/LJKW0HWURRYHUFDPH/LJKW5DLO¶VKDQGLFDSVUHJDUGLQJGHGLFDWHGULJKWRIZD\
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DQGDXWRPDWHGRSHUDWLRQZLWKRXWFRPSURPLVLQJJUHHQQHVV,WRIIHUVDQHQYLURQPHQWDOO\DWWUDFWLYHWUDQVLW
VROXWLRQLQVPDOOLVKFLWLHVVXFKDV%UHVFLDLQ,WDO\
,QEHWZHHQWKHWKUHHUXEEHUW\UHGPRGHVGLYLGHGWKHPHQXRIDYDLODEOHJXLGHGXUEDQWUDQVLWVROXWLRQV
6HFRQGUDQNHG$XWRPDWHG*XLGHG7UDQVLW UHVSRQGHG WR VPDOOHUFLWLHV WKDWFDQQRW MXVWLI\+HDY\0HWUR
VXFKDV/LOOHLQ)UDQFHZKHUHLWZDVILUVWLPSOHPHQWHG7KLUGUDQNHG0RQRUDLOSURYLGHVWUDQVLWFDSDFLW\
LQ LQWHQVLYHO\ GHYHORSHG FLWLHV ZKHUH WKH\ SURYLGH DQ HFRQRPLFDOO\ YLDEOH ULJKWRIZD\²-DSDQ KDV
VHYHUDOH[DPSOHV)RXUWKUDQNHG%XV5DSLG7UDQVLWFODLPVWRFRQVXPHOHVVIRVVLOIXHOWKDQWKHFRQJHVWHG
LQIRUPDOSXEOLFWUDQVSRUWDWLRQWKDWLWGLVSODFHGLQFLWLHVVXFKDV%RJRWiLQ&RORPELD
7KHSRVLWLRQLQJRIWKHUXEEHUW\UHGPRGHVUDLVHGLQWHUHVWLQJTXHVWLRQVVRPHSRVVLEO\RSSRUWXQLWLHVIRU
IXUWKHU UHVHDUFK$UH WKH\ DEOH WR GLYLGH DQG UXOH WKH LQGXVWU\" )URP WKHLUPLGILHOG SRVLWLRQ WKH\ FDQ
FRPSHWHXSVFDOHDJDLQVW+HDY\0HWUR1RWLQJ WKDW*UHHQ&LW\ ,PSHGLPHQWVDOVRGULYH+HDY\0HWUR LV
WKHZRUOGKHDGLQJWRZDUGVVPDOOHUFLWLHVWKDW$XWRPDWHG*XLGHG7UDQVLWVKRXOGVHUYHZHOO"7KH\FDQDOVR
FRPSHWHGRZQVFDOHDJDLQVW/LJKW5DLODQG/LJKW0HWUR7KHRXWFRPHLQYROYHVIX]]\GHFLVLRQVUHJDUGLQJ
XSIURQWLQYHVWPHQWYHUVXVHQYLURQPHQWDOVXVWDLQDELOLW\UDWKHUWKDQWHFKQLFDORSWLPL]DWLRQ
'R WKH ILQGLQJV DQWLFLSDWH WKH DELOLW\ RI LQIRUPDWLRQ DQG FRPPXQLFDWLRQV WHFKQRORJ\ WR UHGXFH
SHRSOH¶V QHHG IRU PRELOLW\ DQG WUDYHO" 5HFDOO IURP  WKDW DGYDQFHG GHYHORSPHQW PLJKW XOWLPDWHO\
RSSRVH +HDY\ 0HWUR  'RHV WKH DVFHQW RI LQWHUPHGLDWHFDSDFLW\ JXLGHG WUDQVLW PRGHV VXLWHG WR WKH
SHULSKHUDOURXWHVWKDWDXJPHQWUDGLDOWUDQVLWQHWZRUNVVXJJHVWDFKDQJHLQWKHIXQFWLRQDOLW\RIFLWLHV"
/LJKW5DLOHPHUJHGDVDZHOOEDODQFHGHQYLURQPHQWDOO\DZDUHXUEDQWUDQVLWPRGHZLWKJRRGILWLQFLW\
DQG FRXQWU\ VHWWLQJV+RZHYHU RI WKHZRUOG¶V OLJKW UDLO FLWLHV DUH LQ(XURSH ,V LW D OX[XU\ WUDQVLW
RSWLRQIRUGHYHORSHGFRXQWULHV"%\FRQWUDVW%XV5DSLG7UDQVLWILWWHGZHOOLQGHYHORSLQJFRXQWULHV%XWLWV
SUHVHQW SURSXOVLRQ WHFKQRORJ\ FDQQRW UHSODFH IRVVLO IXHO E\ UHQHZDEOH HQHUJ\7RJHWKHUZLWK WKH RWKHU
UXEEHUW\UHGPRGHVLWLVOHVVHQHUJ\DZDUH7KLVSRVVLEO\IRUHVKDGRZVFRQWHQWLRQEHWZHHQWKHLQFUHDVLQJ
SUHYDOHQFHRIODUJHFLWLHVLQGHYHORSLQJFRXQWULHVDQGWKHH[SHGLHQF\RIDIIRUGDEOHJXLGHGXUEDQWUDQVLW
&RQFOXVLRQV
7KH ILQGLQJV FOHDUO\ VXSSRUW WKH K\SRWKHVLV 0XOWLYDULDWH VWDWLVWLFDO DQDO\VLV RI SRVLWLRQLQJ WKH VL[
JXLGHG XUEDQ WUDQVLW PRGHV LQ D JOREDO SRSXODWLRQ RI FLWLHV UHYHDOHG D FRPSOH[ EXW UDWLRQDOO\
LQWHUSUHWDEOH VHW RI UHJUHVVLRQ FRHIILFLHQWV ZKLFK ILW WKH PRGHV WR ODWHQW YDULDEOHV UHSUHVHQWLQJ WKHLU
G\QDPLFHFRQRPLFDQGVRFLHWDOVHWWLQJV7KH\DOVRUHYHDOHGHFRORJLFDODGDSWDWLRQLQWKHORZD[OHORDG
ORZVSHHGXUEDQWUDQVLWPDUNHWVSDFH7KLVSURFHVVFDQQRWEHXQGHUVWRRGZLWKRXWLQFOXGLQJERWKUXEEHU
W\UHGDQGVWHHOW\UHGPRGHVLQWKHVDPHVWXG\7KHRYHUDOOUHVXOWLVHQKDQFHGSUHGLFWLYHYDOLGLW\WKDWFDQ
QRZH[SODLQDQGSUHGLFWKRZJXLGHGWUDQVLWPRGHVDOLJQZLWKFLW\DQGFRXQWU\DWWULEXWHV
7KHSUHVHQWVWXG\FDQQRWFODLPVXSHULRULW\RYHUERWWRPXSVWXGLHV²E\H[WHQVLRQRIWKHGDWDVHWIURP
GHILQHGVHWWLQJVWRWKHHQWLUHJOREDOXUEDQJXLGHGWUDQVLWSRSXODWLRQWKLVWRSGRZQVWXG\VLPSO\SURYLGHG
KLJKHU OHYHO LQVLJKW LQWR WKH ODWWHU PLOLHX %\ VDFULILFLQJ FLW\ GHWDLO D WRS GRZQ DSSURDFK DFFHVVHV
XQGHUVWDQGLQJ WKDW LV LQDFFHVVLEOH E\ H[WUDSRODWLRQ IURP FLW\ RU FRXQWU\ VHWWLQJV 7KLV XQGHUVWDQGLQJ
SURPRWHVJXLGHGWUDQVLWVROXWLRQVDQGEXVLQHVVRSSRUWXQLWLHVE\WLJKWHQLQJDOLJQPHQWZLWKFLW\DWWULEXWHV
HQKDQFLQJFRPSHWLWLYHQHVVYLVjYLVRWKHUPRELOLW\FDQGLGDWHV IXQQHOLQJRSWLRQV IRU IHDVLELOLW\ VWXGLHV
IDFLOLWDWLQJ UREXVW HQHUJ\HIILFLHQW RXWFRPHV DQG JLYLQJ VXSSOLHUV D ORQJ YLHZ RQ JOREDO PDUNHW
SURVSHFWV7KHULVLQJQXPEHURIQHZXUEDQJXLGHGWUDQVLWSURMHFWVRIIHUVDPSOHLPSOHPHQWDWLRQSRWHQWLDO
7KLVUHVHDUFKKDVFRQWULEXWHGQHZVFLHQWLILFDOO\JURXQGHGXQGHUVWDQGLQJIRUILWWLQJJUHHQDQGVRFLR
HFRQRPLFDOO\UHVSRQVLYHJXLGHGWUDQVLWWRFLWLHV8QVXUSULVLQJO\FRQYHQWLRQDOVRFLRHFRQRPLFVUHPDLQHG
HYLGHQW +RZHYHU LQ SDUWLFXODU WKH ODWHQW YDULDEOHV (QHUJ\ 'HPDQG /HYHO $OWHUQDWLYH (QHUJ\
$FFHSWDQFHDQG*UHHQ&LWLHV,PSHGLPHQWVQRZHQFRXUDJHDPRUHQXDQFHGILWWRDOLJQWKHZLGHUUDQJHRI
FRQWHPSRUDU\JXLGHGWUDQVLWVROXWLRQVFORVHUWRFLWLHV¶DVSLUDWLRQVDQGUHTXLUHPHQWV8QGHUVWDQGLQJWKHLU
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VLJQLILFDQFHFDQHQKDQFHJUHHQLQJRIFLWLHVDQGVWLPXODWHGRPHVWLFDQGH[SRUWJXLGHG WUDQVLWEXVLQHVV
$FKLHYLQJERWKVLPXOWDQHRXVO\ZLOOOHDGWKHZRUOGE\H[DPSOHDQGE\SURYHQWHFKQRORJLHV$VRULJLQDWRU
DQGXVHURIPRVWRIWKHJXLGHGWUDQVLWPRGHV(XURSHLVZHOOSODFHGWRFKDOOHQJHWKHILHOG
$FNQRZOHGJHPHQW
7KHDXWKRUVDFNQRZOHGJH WKH VXEVWDQWLDO DVVLVWDQFHRI'U/HJHVVH.DVVD'HEXVKRRI8QLYHUVLW\RI
3UHWRULDLQUHVSHFWRIVWUXFWXUDOHTXDWLRQPRGHOLQJ
5HIHUHQFHV
%LPRGDO7UDQVSRUWDWLRQ5HVHDUFK&HQWHU%LPRGDO*\HRQJJLGR.RUHD5DLOURDG5HVHDUFK,QVWLWXWH
+HQU\/	/LWPDQ7$(YDOXDWLQJQHZVWDUWWUDQVLWSURJUDPSHUIRUPDQFH&RPSDULQJUDLODQGEXV9LFWRULD%&
&DQDGD9LFWRULD7UDQVSRUW3ROLF\,QVWLWXWHKWWSZZZYWSLRUJEXVBUDLOSGIUHWULHYHG6HSWHPEHU
7LUDFKLQL$+HQVKHU'$	-DUD'LD]65&RPSDULQJRSHUDWRUDQGXVHUVFRVWVRIOLJKWUDLOKHDY\UDLODQGEXVUDSLG
WUDQVLWRYHUDUDGLDOSXEOLFWUDQVSRUWQHWZRUN3URFHHGLQJVRIWKH7KUHGER&RQIHUHQFHRQ&RPSHWLWLRQDQG2ZQHUVKLSLQ
/DQG3DVVHQJHU7UDQVSRUW'HOIW7KH1HWKHUODQGV
9DQGHU0HXOHQ5'	0|OOHU/&D6WUDWHJLHVIRUVXVWDLQDEOHPRELOLW\8UEDQUDLOZD\VDVJOREDOFRUSRUDWHFLWL]HQV
3URFHHGLQJVRIWKHWK:RUOG&RQJUHVVRQ5DLOZD\5HVHDUFK>&'520@6HRXO.RUHD
9DQGHU0HXOHQ5'	0|OOHU/&E8OWLPDWHLQWHURSHUDELOLW\/LQHKDXOUDLOZD\VDVJOREDOFRUSRUDWHFLWL]HQV
3URFHHGLQJVRIWKHWK:RUOG&RQJUHVVRQ5DLOZD\5HVHDUFK>&'520@6HRXO.RUHD
9XFKLF958UEDQWUDQVLWV\VWHPVDQGWHFKQRORJ\+RERNHQ1-:LOH\
